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A8STE!ACT

Two radiotelemetric ~ystamc ucre devolop~d for rmtc monitorirqjof
body temperature in livestock. A battery-poweredtrmmittor system was
devclopd at a laboratory tool for ramota continuous monitoring of ear-canal
tamporaturca in ●nimals used in vaccine triala ●nd in studies of livastock
diaoases. An automated data-recording and processing system W*S also
developed. Pilot studies in cattle indicate that the system will b. a
valuabl~ quantitative tool for vaccine testing and animal axpcriments.

A second telemetry oystemwaa developed for wideacalo use in tho
llvcstock industry. It relies on an haplantabl.paseivc (no batteries)
transponder that is enersized by an external tource of micrmavor to transmit
temperature and decimal dig~t identification to a ramte receiver. Tho
●nimal identification feature, coupled with computers, offars the livestock
producer unprecedented capabilities for ●fficient managamont of his
operation.

The tompurature feature of transponders can ●id la diseaso dataction
●nd control, disaase dia8n08i8B and strtas ●nd ovulatioa detection. Its
us. for identifying temperature markera in diaeasc ●nd strass-tolerant
breeding stock ❑ay bo valuable in .electiv~ breeding programo.

Electronic identification and temperature monitoring is now ready for
field teoting. Private industry la baing ●couragad to participate in
field tecting ●nd commercialization of the concept.



INTRODUCTION

Radiotelamotry is an important devslolment

tamptrature phenomona in unrestrained animals.

for ttm study of

Its pocamtial for the study

and control of ●ni-1 diseases prompted an interagencyazree=ant between

tha United States Department of Agriculture, An-1 Plant Health Inspection

Sarvica (USDA-APHIS)●nd the Energy Research and Devolopmant Ministration

(ERDA) to develop, ●t the h- Alamos Scientific Laboratory (LASL), two

radiotelamatry systems for monitoring body temperature b food animals.

Om ●yatem im famhioned ●fter previously-doacribed telemetry device8 in

that tha transducer and transmitter packape, which relays temperature from the

animal to a remota rticelver,is powered by conventional batteries. To mininize

tha n~ad for handling large ●ounts of raw data, ●n autouated data recording

and processing system waa ●lso developed. Thin system h being evaluated as a

laboratory tool for ●tudying diaeaaee and for

TM sacond system developad relies on an

transponder which is energized by an external

te-thg VUCh(M h liVe8tOck.

implantabl*passive (no batteriea)

source of mlcrowaven to transmit

temporatura and declmnl digit identification to a remote receiver. The

●ymtem waa daveloped for wide scale usa in diaeama control and animal identi-

fication.

In this papar wa deacribn the two telemetry systems, show some experi-

mental data, ●nd offer suggestions on the future uoa of xamote temperature

monitoring and electronic identification in ●nimal health managemnt.

. . .._



VACCINE EVALUATION

Tha Veterina~ Sewices Laboratories in Ames, Ioue, ●re responaibla for

evaluating the safety ●nd ●fficacy of vmccinem in host admals. by of the

agents ●gsinat which vaccines are msdo do not produce a clear-cut ●rid-point

in teat animls, such as death, but rather clinical reapmses that ●re oftun

difficult tG objectify and quantify.

SincQ faver is objective, ●nd IQ parhaps the baat-bwn Iwlicator of

disease (l), it has been an important criterion for evaluating cllnical responees

of test animalB in vaccim trialm. Eowevar, tumperatum-wmitoring by con-

ventional methods introduces temperature ●rtifacts from the handling of enimala

and very few temperature measurements in ● by ●re practical.

rasponse is highly amenable to continuous data acquisitti by

methods, we became interested in the potential of temperature

Si.mcotho febrile

talatric

telemetry ●m a

quantitative tool for evaluating the ●fficacy of animal vaccines.

Methods

Tlm single-channel radio-telemetric system for aut~tad data acquisition

and processing has been described elsewhere (15). A block diagram of the ayetem

is shown in Fig. 1. A thermistor probe is inserted into tha animals’ ●ar canal

so that it corneato rest clom to the tympanic hram. This ●it~ was chosen

for mnitoring temperature because of its proximity to the thorwragulatory

canter in the preoptic region of the anterior hypothalm (3). Changes in

temperature alter the resistance of the thermistor which changes the resonant

fraquency of ●n oscillator circuit. Tho frequ~ncy sigrml from the oscillator

circuit gatec’Ot$a 150 MHz transmitter for ●bout 200 ms during ●ach cycle of

tha signal from the oscillator circuit. Tha time Internal

tha trarmnittar (0.3-1.5 .) relays tmparatur~ information

● rowte receiver.

between bursts from

from the animal to
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The RF burst from the transmitter is converted to an audio output sigml.

Ihm ●udio signal is rectified and Integrated to minimize upurioua noise pulses

and than is converted to a square pulse for inpu~ to the trigger circuit

of 8 time interval meter. This meter digitizes tha time intanal between sub-

●aquant pulseu and supplies a digital output to the recording system. An

encillary analog signal from the time interval meter is used to record the data

on an ●nalog recordar.

The tlm interval meter and a keyboard terminal with dual tape cassettes

●ra interfaced to ● microcomputer. The digital output from the time inte=al

-tar is transferred onto the digital tape cassettes by the microcomputer. The

tmminal has an ●coustical coupler and crm be used to tranemit the recorded

data over talaphona lines to a larga computer f~cility for conversion of time-

inta~als to tamparatures.

I’lwresults from tha analysis can be transmitted back to the terminal from

tho computer facility, printed for evaluation, and recorded on caaeet:e tape

whsra the data are stored for future analynis or for controlling a plotter.

Pilot experiment

“A pilot ●xperiment was conducted to tast the remote temperature monitoring

systcm ● s ● tool for ●valuating vaccines in cattle (15). A steer weighing 650

lbs. was Intranasally vaccinated with a candidate vaccin8 for infectious bovine

rhinotracheitis (IBR). A mecond ●tear of the sama size wam held ae an un-

vaccinated control. Twenty-eight daya after vaccination, both eteers were

intrmamally challenged with 10700 infectious units of a standard virulent

IBR challango virus (Cooper strain). Remote ●ar canal ttmparaturc meaeuremente

warg takm at 1 minuta intarvalo and mean tamparaturas ware computed for 5 m

or 60 m blocks. The stoera were houaad in ● hi~h security building maintained

●t 18.5 ~ 2.50 C.
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Figure 2 shows the normal continuous temperaturerecord of the un-

vaccinated steer.for a period of 7 days before challenge. A diurnal variation

of about 0.5° C was observed that was independent of hient temperature.

Temperature minima and maxima usually occurred at 0500-0700 h and 1600-1900 h,

respectively. Figure 3 shows that in addition to the diurnal cycles, there

were also variations of higher frequency but usually of lower amplituda.

Figure4 shows the temperature histories of the st~ra upon challengs with

virulent IBR virus. Temperatures of the unvaccinated steer rose sharply from

40-72 hours after challenge and peaked at 96 and 120 hours. Except for the

second day of Infection, the diurnal variation continuedduring the febrile 1

responso. However, comparud to the prechallenge variations, the amplitude of

poatchallenge diurnal cycles Increaeed during the ●acending phane of tha febrile

response. The short-term variations also continued during the febrile response.

Tba difference between temperature records of the vaccinated ●nd un-

vaccinated steers (Fig.4) demonstrates the protective ●ffects of prior

vaccination. The vaccinated steer developed a lo-grade and short-lived febrile

response with only minor changes in diurnal variattona.

l%- results of this experiment suggest that continuous temperature monitoring

by radiotelemetry could be ● powerful tool for evaluatingvlccine efficacy in .

cattle and probably other apeciea. Computer integrationof the areas under

tha rasponse curves for individuals or treatment groups uould provide

highly quantitative evaluations of vaccine ●fficacy with regard to the temperature

variable.

In addition to graatly increasing the quantity of &ta obtained, temperature

tolamotry permitted the measurement of paramecera not poMible by conventional

mathods of temperature measurement. For ●xample, diumtal variations which are

wall-known in normal cattle (4 ), ware perturbed in this ●xperiment as a result
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of IBR infection. If this proves to

other viral infections, it will be a

our ●xperiments were done in animals

be a consistent finding with IBR or

useful quantitative parameter. Although

that were experimentally exposed and

housed in eacurity facilitieep remote temperature mnitoring would enable

studies to ba made in a typical environment where subjects are naturally

●xpo~d, e.g., in fead lots or transport

Optimization of the system

Xlthough tha temperature monitoring

promiee, it still needs to

practical tool for vaccine

in parallel rather than in

ba optimized.

vehiclem.

system described

For temperature

above shows great

telemetry to be a

evaluation, it is necenaary that animals be monitored

series as was done in the above ●xperiment. Conse-

quently, tha system was recently mdified (13) to

of up to 10 animals at ● time. A block diagram of

is shown in Fig. 5. The ❑ulti-channel receiver is

holding facility and 10 remotely controlled by the

permit simultaneous monitoring

the multi-channel system

located in the animal

microcomputer which is

located in the laboratory, about 400 yards away. The mnlti-channel receiver

is a modified Regency “WHAMO”10-channel scanner, model #ACT-WIO. The receiver

waa modified so that any one of the lU channels can be sel cted by the micro-

computer. The microcomputer also controls the duration and frequency of

maasuremonts on individual animals.

The second improvement in the system, now underway, is a reduction in the

●ize of the transmitter assembly. The first generation package (7,15) was

relatively large and had to be mounted on the halter of the animal. Thl~eize

and location ❑ade the package vulnerable to damage. fia new assembly (Fig. 6)

in small and light enou8h to be mounted directly on the ear pinna. ‘Thi8

gaomatry should improve resistance to damage.
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PASSIVE TELEMETRY

Variations in body temperature signal a variety of physiological events

in healthy and diseased animals. A practical electronic device suitable

for remote temperature monitoring on a massive scale In the livestock industry

would be of great benefit in the management of ani~l health. Further, with

identification numbers encoded in the sama device, it conld form the basis

for a nationwide, cmputer-courpatable livestock identification system with

disease detection capability.

The potential of such a system for animal inventory and disease control

led to the inception of an electronic identificationand temperature

mnitoring project, at the USL , which has been supported by USM-APHIS and

ERDA since early 1973. From this project, a subdermally Implantable electronic

transponder has been developed that can be remotely acti~ated to transmit

temperature and identification information back to a receiver in a few tenths

of a second (8).

For the system to be practical for widescale use in the food animal

industry, it needed to ❑eet the following requirements (6): 1) passive (no

batteries); 2) remote sensing (animal restraint not required); 3) capable of

identifying individual animals; 4) error-free; 5) suitable for direct input

into a computer; 6) long life; and 7) low cost. Available experimental data

indicate that the passive transponder meets many, and perhaps all, of these

requirements.

Princtple of operation

The principle of operation (6) is illustrated in Figure 7. The interrogator

mends out a beam of 915 MHz radio waves towards the trazmponder (Fig. 8). A

small fraction of the microwaves penetrate the skin of the animal and generate

enough voltage (about 1-$ volts) to power the transponder circuitry. The

internal circuitry of the transponder is used to cbangtathe reflection of the
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transponder antenna with a frequency that IS proportional to the temperature

of the ●nimal (19-22 kHz over the range of physiologicaltemperatures).

Thi8 relatively low frequency reflection is detected uith the came antenna

that sent out the interrogating beam. The animal identification number iB

tranamitced in a binary format in which “ones” ●re represented by the

temperature frequency and the “zeros” by one-half tha temperature frequency.

Signal mixing and suitable filters isolate the return signal from the powering

beam, and the signal is subsequently decoded into ident~ficationand temperntllre.

The antenna constitutes the largest item in the transponder pacbge (see

.Fig. 8). When oparated near resonance, its length is proportional to the

amount of voltage which can be generated to power the ●lectronics. The

present length of 10 cm was chosen to be compatible with present day circuit

elements, biological radiation standards, and the fr~ency of the interrogating

ham. The hybrid circuitry of the unencapsulated tramponder shown in Fig. 8

takes up considerably more space than will be required by the integrated

circuit chips in the production transponders. The fiml size and configuration

of the transponder will be determined on the basis of che implant site on the

animal and the need for installing the implant simply,without surgical

intervention.

Technical developm~:.cs

“Proof-of-principle” of an external transponder that had the desired func-

tional properties was demonstrated to the US Animal Ekalth Association in

October 1973. A second syetem, tested in September 13’75with a hybrid circuit

temperature-only transponder, showed that transponders:would work under the

skin. A third system, finished in September 1976, Is considered a preprototype

of a couunercialsystem because it has optimum circuitryand will measure

temperature to O.1° C accuracy, but encodes only 1 000 numbers (3 digits).



This portable 1976 syetem has a battery pwer s~ply for the interrogator

●nd a range of about 1 meter. A 10-meter range la expected in the com-

mercial unite.

Tla#ve reacti on to the implant

Limited data indicate that within ● f- waoks ●fter silastic-coated

transponders ●re i~lanted, they becoma enclosed in ● thin fibrotic capaule

(14). Histologic examination of a capsule rmved from ● steer seven unths

after tho i~lant was installed indicated that it consisted primarily of semi-

mature, fibrous connective tissua ●nd monuclear cells. No inflammatory

or pathologic tissue reactions were obsewul. ~eae finding8 indicate that

the transponder was ●ccepted ● s an inert material (D. R. Cassidy and W. D.

Taylor, unpublished).

Animal Identification

It 10 generally recognized that if electronic identification is cost

effective, it will be quickly incorporated into tho livestock industries.

Therefore, i: itIimportant that :he development of the commercial system

meet the needs of the specific industries so that incentive is present for

its incorporation. A8 it becomes widely accepted, the cost effectiveness

i8 likely to increase. Some ideaa on hov electronic identification can serve

the needs of various livestock industries have been revieud before (5).

Livestock production needs. Livestock production is highly competitive,

and many variable8 are beyond the producer’s control. Drought, disease,

and market fluctuations profoundly affect the producer’s profit or loss.

To rtay in business, a producer must be a good manager. Electronic identi-

fication, coupled with computers, offers potential individual animal management

at a level previously impractical because of the manpower required for manual

record k’eping and data handling.
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Liveetock identification code. Many different”identification systems

been developed for specific uses. Most could b~ replaced by a single,

#ocuro, ●lectronic identification number, recorded la local and regional

data banks vith appropriate data links. Thea. data links must have pro-

visions that will guaranteo that all records ●re Frotected against unauthorized

access.

Bacauso futuro producers will practict individual ●nimal managment, a

code va~ d~signad that would permit identification of every mjor livastock

animal in the world. Tha International Livoatock Brand Conferanca augg”ested

th~ coding schams shown in Fig. 9 (2). Tha LASL ●lsctronic Ldantiflcation

●yatem la compatible with this code, and a number of liva~tock industry groups

havo indicatad tmtativa ●gr~amant with it.

~, Automation of dairies can ba substantially increased, ●nd

costs can ba raducad through ●utomated data collation and processing. For

maximum production ●fficitncy, producars must avaluato ●ach animal’s input

and output and mel~ct for propagation thost animala with the hightimtproduction.

Input of Intarast ●ro food intake, ag~, ❑education, blood lines, lactation

cycla, performance of ●nc8stora, ●nd prwious production history. Outputa of

intorost ●ro waight changas, daily milk production, butterfat contont, haalth

statua, currant vs. previous production, ●nd pgrfornmca of progany of both

air~a ●nd dama, Thug, it 18 nacaaaary to monitor ths animalm fraquantly,

inoxponaivoly, and accllrattly,and to correlatt tha data with anticipated

p~rformanc,. Achiwin8 low cost will rcquir~ ●utomatad data collection and

computor data procaaainu. E’,actronicid8ntific.1.!.on●nd temperature monitoring

● ro WO1l suitgd to thim typfiof oporation. DaiL:;industry exparitnce will bt

appl,icabl~,with slight modification, to othor sogrnentsof tho livaatock

Industry,

. . ..,,.
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Automatic feed dispensers. Automatic feeding of high-protain supple-

ments, in amounts correlated with the milk production cycle, ia mandatory

if ●xpansive concontratos are not to bawseted. Because not all protein

concentrstos c-n b. providrd in the milking parlor for optinwm utilization,

●utomated faeding unite now being introduced kaop track of tho ●munt of

supplmnomts allotted to ●nd ●aton by Qach dairy ●niEc1. Electronic idmti-

fication can trigger tha computer to dispenso tho propor rations.

Bcqf hardm. Bull performance tosta (food-to-moatconvoroion dficiency)

can b. run usin$ this syatam. Frequant ●utomaticwd~ing of all hoof

●nimals ●t watering troughs and othar concentrationpoints cm provide ●n

axtonsive data bank for parformanca calculations of entiro herds. “ In fact,

if tha producor kcops axtansivo racords, and couplas them with th~ currant

Livestock markat, cost of fad, ●tc., ho can ●ccurately datarmlna tha boat

timo to sell, breed, or chansa food rations.

m“ B@caua@ tha unit valuo of swing is Uonorally conaidorably lass

than that of beef, th~ first ●pplication in auina will probably ba for

unambiguous identification of breadmr stock. Automatic wclghi~ of broedar

●nimalo during their ●arly growth will parmit salaction for hightst food

conversion ●fficiency and rapid weight Sains. Optimization of th, aystam

for swina will probsbly follow its ●uccossful field t*sting for cattle.

A~vlication for othgr eni malq. Electronic identification can b*

applied to practically ●ll ●nimal sp~cics, ●nd should prova ● v~ry us~ful,

●ccurat~ Identification synt~m in ●xicting ragistry programs, ●nimal showo,

●nd salas, ThQ syatam would inhibit, but not ●limfnata,mislabalin$ of

●nimals, Parhaps ● spatial transponder with small ●ntannas could b. mado

for small pats; howwtr, thg interrogations (tha idmtification procoas)

would havn to takt placo at cloua ransa,
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941,? barns. Electronically-identifiedanimals could pass through

-alas barns at 10SO coat per ●nimsl becauso of Sraatur record accuracy,

shortor holding parioda, and less axpmeivo data procomsing by computor.

It would ●lso bo possiblo to provida tha prospoctivo buy-r pcdi~ro- data

On ●ach ●nimal. Thaso data could includo health records, comvoraion

●fficiancias of othor animals with tho ●amo blood liam, and othm data

that might r-flact on tho ●nimals’ porfornmco as ● broodor, milker, or

moat ●nimal. Using this information, chobuyoc could ●dJust his bidding

to roflcct his waluation of tha ●nimalts potontial. Ttiorafora, ●nimals

with tha highoat production would bo tho first to b~ ●lactronically

idontifiad.

Pusuumua” Animal diaoaao control

on dttacting infacted animals ●nd traatint or

in thoUSA i. predicated

diaposi~ of thin, BOC~US@

infoctod mimala arc oftan datmtd only ●ftm pa-sins throu~h Livastock

markets, many othor ●nimals ●xposod to tho discaac mmt b* quarantined

●nd tootod. Current methods of monitoring ●nimal ❑ovamonts through conxrmrco

dro not optimum for ●fficiont tracoback ●fter diaoasc has boon found.

Electronic identification offorc nearly error-frm, Msh-mpaad, computor-

compatiblo tracoback.

Tho USDA ham also supportad IML davolopmant uf a

aystom call-d tho ●nsyma-labolod ●ntibody (EM) tast.

test is ●xpoctod to have wlda application in datoctiw

disgaso dotoction

‘Ibis ccrological

many diffaront

human ●nd ●nimal discaaco. It is fast, inaxponsivo, sansitivc, ●nd suitablo

for ●utomation; and it cm bo coupl,d with tracoback.

. . .
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TDtPDUTURE 142tJITORLNG

The benafitc of ●lactronic tamporatuta monitoring dapend largely on

tho animsl industry involvad, Msny ideas for ●pplic~tions ware suggested

in ● proviou. r9vlaw (14), 9avaral of those aro ou~rlzod below, For a

dttailod account of r~fortncas, tho rtador is rofarrmd to that roviaw,

?~Qc

Fovor is a wsll-known corollary to infectious disosso, Electronic

dataction of fovor in ariima18 ● t thtir sourca of production or sc thay,

travel through comorc~ can b. ● valuablo tool for controlling epidarrdcs,

Tamporaturo tolamatry can ●osiat in idontifyi~ oick animal- ●arly in tha

couruo of infaction. This will facflitata tho rapid isolation, diqnoois,

●nd troatmant of those ●nimals, As ● rasult of ●~rly iaola~ion of ditasscd

●nimals, potentially Qxplosiva outbraakt of infectious dinoaaoa misht b-

minimisgd or won stoppod. Should infaccious diotiso bt dotcctad in animals

●s th~y traval throush commrco, th~ ●lactronic idatity coda would permit

rapid computor tracaback to tho hard of ori~in. Thi- capability could ba

Imstrumcr.tal in tho control of ●pidamics.

T@mporaturo tclamatry can ●lso bs usad ●s ● diagnostic ●id, Diqnoois

of tuberculosis and Juhn@’a disaasa csn ba mada on thm baais of an ●cut~

hyportharmic rosponsa which follows the inj~ation of tuberculin, Figura 10

shows a continuouti rtcord of tolor~~tarul tympanic mambran~ tom+araturas of

● tubarculous cow intravmously inj~ctad with cuborculin (R, D, Anguo ●nd

R, Van ~~uum, unpublished), Tht hypartharmic rgsction basan within minutes

●fter th~ Injaction, paakad in 3,5 h ●nd vao ovor in 8 h, Tomptraturo

maxims wor~ about 3.5° C abovs normal, AC a diagnostic tochniquo, tampcratura

t~ltmotry is appoali~~g bccauso it is reasonably rapid ●nd raquiros only ona

handling of ttot animals,



Tampsrature telemetry would ●lao b. of diagnostic value for deter-

mining th- optimum timo for isolating causitivo agents from infected

●nimals, Tha use of temparatura-talcmotry by 14cVicar, ~~. (10) ravealed

● tmporal relationship batwcm viremia and tomparaturo in da~r axpori-

rnmtally infected with foot ●nd mouth

tolomotry might b~ of us- for rapidly

diagnostic sptcimans.

dimaaaa VirUS. Thus tamparature

idontifyi~ tha btst donors for -

Wbaro tha collation of continuous or sti-continuous toqaratura

records i- posaiblo, tho shapesof fabrilg rosponso curv~s may bu of

diagnostic value. For ●xampla, infactlon of cattle with bovina virus

diarrhea vfrua im commly ●ccompanied by ● chsractoristicdiphaaic

fobrilc rcsponso curve. Baldwin, ~~1. (2) hava sug,gssted sovoral

othor diaoascs of livo~tock for which tmporaturc profilts would b. of

diagnostic valua,

TIIQ dgt-ction of strass in livastock by tmparatura tel~motry would

●ooist tho .tockumn in idantifyin~ and, thus, rmovins or ●lleviating tho

strossor. Tho otraso raaction is ●ccompanied by ● rodistributioa of blood

from tha skin ●nd splanchnic regions into th~ main muscl~ uwa.a. This

rowlts in changoa in body twnporatur~s. Fi~uro 11 shows ● aml-continuous

tmporatura record of ● stcor with a oubdcrnully Implantad tcanspondor.

ThQ stoorwam htld in a room maintained ●t 18.5 ~2.5° C, Tho data show m

●brupt drop in skin tmpgratur~ which coincidd with car~takar ●ctivity in

tho ●nimal’s room, Thus, ●van limitad ●rou~al of tha ●nimal rosultad in
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significant changas in ekin temperature. From chc data, it can aleo be

scan that the drop

body teuparature.

of livastock could

in skin temperature wae followed by ●n Incraasa in deep

Early detection of such changu la body tunporature

signal the need for corrective ●ction to ba taken.

l’lmrmal stress. Haat stress is a major factor limiting production and

f.rtility in food ●nimalm throughout th~ tropical and sub-tropical ragiona of

tha world, Since heat etress can be datactad by characteristic changes in

body tompcratura pattens, the racoguition of impan~ ●tress by temperature

talamatry could activato cooling davicam for individml ●nimala or ●lart

the stockman to the na~d for ma-o-cooling on a hard baais. Markad banmfits
.

from ●rtificial cooling of livastock in hot ●vironmmts has bacn previously

dmonstratad (11, 12).

vroductiva phyaioloRy

It has basn ●stimatcd that approximately ●ight million c.attla in tha

Unitad Statss are ●rtificially bred but that this -r miaht Incrcasa to

thirty million if owlation could ba dctamlncd mora reliably (2). A rim

in body (16) or milk (9) tampsraturas ● t the tim of omlacion has bsan

demnotratad in cattla. Thi- auggosts that tmparatura tal~metry my ba ●

prom.iain.$ tool for dctmninin~ the optimum time for br~adinS or ●rtificial

Inaamination.

Objoctiva methods aro

raaistant braadina stock,

SELECTIVE BREEDING

needad for identifying diaaam and ●traa8-

Body tmparaturo can b. ● uaoful maasura of the

●overity of infactioua dimaaae. It may ●lso revaal rnrkarm for ●traas

or h~at-strasa tolcranca. A capability for datoctins thasc mark~ro ●lQc-

tronically can ba ● simpl~ y~t significant tool for selecting brood stock
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bearing daairable traits. A record of theme traits, along vith breeding

●nd production records for electronically identified animale, will permit

computar-assieted eelaction of brood animals with the best mix of traits.

TECHM3UKYTRAHSFER

Tho USDA-APHIS ●nd ERDA have furded davelopmant of electronic identi-

fication and temperature monitoring becauae of the need for better identi-

fication of animala and of other valuable item. Experimental results show that

the ideas ●re sound and ●re ready for field testing. Potential manufacturers

and users ● re being encouraged to become Involvmd in comarcialization of

the concepts ●nd Lo participate ●ctively in field testing. Development of

uniform performance ●pacificationa for electronic identification ayatema

has begun. Thase npmcificationo ●re intendad to guide industrial develop-

ment ●lon$ mutually compatible lines.

~CLUSIONS

From tho foregoing it can be mean that radiotelemetryhas great

potontial for widescale use in food animal management and diseaae control

●nd for laboratory studies of livestock di8ease8. However, much more work

ngoda to be dons befor8 this potential 18 realized.
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Fi$. 1. Block dia~ram of the single-channel temperature monitoring

syetem. The oscillator and transmitter are mounted on the

animal’s halter (from Seawright, et al. (1S)).——
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Fi~. 2. Continuous remote ear-canal temperature record of a

normal steer. Points are hourly meansof meaaurernents

taken at GO e-intervals (from Seawright, et al. (15)).
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Fig. 3. Continuous ear-canal temperature record of a normal

steer. Points are 5 m means of measurements taken at

60 e-intervals (from Seawright, et al. (15)).——
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38.OJ ●

“lo1234s@ ?Cglol$

DAYS AFTER CHALLENGE I

Fig. 4. Post-challenge temperatures of unvaccinated and IBR-

vaccinated steers. Points are hourly means of measurements

taken at 60 s-intervals (from Seawright, @ al. (15)).
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I

Fig. 5. Block diagram of multi-channel temperature monitoring

system (13). The multi-channel receiver and channel and

antenna select switch are in the animal holding facility.

The remaining components of the system, excluding the

large computer facility, are in the laboratory building,

about 400 yards away from the animal holding facility.
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Fig. 6. Battery-powered temperature transmitter

mounting on the ear pfnna. Ear canal thermistor probe is

.

shown on the right.
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Fi8. 7. Principle of the passive (no batteries) electronic identi-

fication and temperature monitoring

sends out a beam of microwaves that

transponder, The refl~ction of the

system. The interrogator

energizes the subdermal

transponder is changed in

en encoded manner to indicate the temperatureand identi-

f~catlon number of the animal, The encoded reflection ie

detectedby the receiver, and the data c& be indicated
.

visually or sent to a computer for erro~free rendhg

(from Baldwin, et al, (2)).—. —



24

-.-vm~..

,fl~ .,..,.. ,,,.,.

‘N
“\#=f-’-- P

.A..
‘%

●

Fig. 8. Two models of electronic transponders. The top one is the
197S model, which incorporated temperature meaauring

capabilities, but no electronic identification. A
metal plate for hermetically sealing the transponder
has bean omitted to show the hybrid circuit ●hments.
Actual implanted models of this unit are encloeed in
●n opaque encapsulant. As of November 1976, oaa
transponder has bean functioning under the skim of
●n animal for one year and six othersfor 11 mamtha.
No ●dverse biological reactions have been obaemed.
The 1976 model transponder 1s ehown at the bottam.
ThiB unit incorporates up to 1,000 identification
numbers in addition to measuring temperature, Ht in
●leo constructed of hybrid circuitry. Encapsulation
is missing on the model shown, ae well ae the hermetic
seal$ which would enclose the electronic, The first
implants of this model were accomplished in Ott.aber 1976.



25

SUGGESTED
ANlfMLIDENTIFICATIONCODE

.

9 999 999999 9999 9 I

x xxx
I I

Xxxxxx
I

Xxxx x -’ .0

I I ‘-”-’-””--”’’”
SPECIES STATEOF ORIGIN OIINEROR HERD ANIMAL YEAR ,

. . h

.,.

Ftg. 9. Electroriic identification coding scheme auggeated by

tha International Livestock Brand Conference (from

Baldwin, et al. (2)).
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Fig. 10. Acuta hyporthermie response of tuberculous cow ●ftar intra-

venous injectionwith tuberculin. Pointeam 5 mmeano of

moasuternentsmade ●t 60 s-intervals(from Saawright (14)).

.
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Fig. 11. Skin and daep-body temperaturechangeeof ● steer following

caretaker activityin the animal’s room, Skin temperatures

war. monitoredwith ● subdermally-implanted transponder

●nd deep body temperature were monitored with an eer-canal

thermistor probe (from Seawrfght (14)). ,
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